Adult onset hemophagocytic lymphohistiocytosis (HLH) is a rare condition, usually secondary to either a precipitating infective or hematologic malignancy. We present a case of Epstein-Barr virus associated HLH in a 55-year-old female receiving treatment for a glioblastoma (GBM). It is possible that HLH is under recognized, as patients with GBM often have features of a nonspecific systemic inflammatory response syndrome, multiorgan failure and cognitive decline. A high index of suspicion and increased awareness can help improve timeliness of diagnosis. Therapeutically, Epstein-Barr virus associated HLH in patients with solid organ malignancy poses significant challenges. An individualized, multidisciplinary approach is essential when managing adult-onset HLH and providers will need to be mindful of the high mortality rate despite treatment. Hemophagocytic lymphohistiocytosis (HLH) is a rare disorder with a high mortality rate, the pathophysiologic hallmark being an overactive and ineffective immune system [1] . HLH was initially described, and is best recognized, in the pediatric population; however, there is increasing recognition of this disorder among adults [2] . HLH is categorized as either primary (familial) or, more commonly in adults, secondary to an underlying infective, autoimmune, metabolic or malignant process [3] . In the secondary setting, prompt recognition is essential as the 1-month mortality is estimated at 20% [4] and the median overall survival among patients with an underlying malignancy is 1.4 months [5] .
In a systematic review of secondary causes of 2197 patients with HLH, an underlying hematologic malignancy was found in 45% (n = 981) with only 1.5% (n = 32) having an underlying solid organ malignancy [2] . We describe a case of HLH in a patient undergoing active treatment for glioblastoma (GBM) who had evidence of increasing frequency of opportunistic infections in the setting of persistent treatment-related lymphopenia. To the best of our knowledge, this is the first case report that describes the diagnosis of HLH in a patient with GBM and its subsequent management, with the only other case being noted in a single institution case series of HLH with no further clinical details available [6] . Increasing awareness of the diagnostic criterion can improve identification, reporting and ultimately allow improved individualized decision making at a patient level.
Case
Our patient is an otherwise healthy 55-year-old female who initially presented with right-sided weakness and expressive aphasia to an outside hospital. Imaging findings revealed a left parietal-thalamic lesion, suspicious for a high-grade glioma. She underwent a subtotal resection and pathology revealed a GBM. Her molecular markers suggested an aggressive phenotype (i.e., an unmethylated MGMT promotor and without an isocitrate dehydrogenase mutation). At the time of diagnosis, she had a Karnofsky performance status of 60, entirely attributed to her malignancy, and was slightly underweight with a BMI of 17 kg/m 2 . She subsequently started chemoradiation, but her course was complicated by obstructive hydrocephalus requiring implantation of an intraventricular peritoneal shunt. Despite standard therapy, her GBM continued to progress. She was started on bevacizumab and metronomic (daily low dose) temozolomide as second-line treatment.
Approximately 6 weeks prior to her most recent hospitalization, she was evaluated for hypoxemic respiratory failure. Her initial infectious workup included blood and respiratory cultures as well as a respiratory viral panel, all of which were negative. She did not improve on empiric antibiotics and was thought to have Pneumocystis jiroveci pneumonia (PJP) given her improvement after initiation of steroids and trimethoprim with sulfamethoxazole (TMP-SMX). After starting TMP-SMX, her absolute neutrophil count began to drop. She was subsequently readmitted with malaise, cough and was found to have an absolute neutrophil count of 800 × 10 6 /l. Notably, her absolute lymphocyte count remained persistently low since the initiation of chemoradiation. She was readmitted 3 weeks prior to her most recent hospitalization for increased shortness of breath and during admission tested positive for coronavirus. Her TMP-SMX was changed to dapsone in order to continue prophylactic PJP coverage. She was seen for an outpatient oncology office visit 1 week prior to admission, at which time her respiratory status had returned to baseline with a Karnofsky performance status of 70. Her absolute neutrophil count began to recover; however, her absolute lymphocyte count remained below 200 × 10 6 /l.
She was readmitted with worsening shortness of breath and confusion and was found to be hypotensive, tachycardic and hypoxemic. Laboratory studies revealed worsening pancytopenia and elevation in liver enzymes. Abdominal ultrasound and MRI demonstrated a heterogeneous liver with coarse echotexture and splenomegaly ( Figure 1 ) with no significant antecedent alcohol use or liver disease. MRI of the brain revealed a stable appearing GBM. She was started on fluids and antibiotics. Liver injury was initially thought to be drug induced in the setting of bevacizumab, TMP-SMX, temozolomide and dapsone. On routine type and screen, she was noted to have new warm autoantibodies and a positive direct-antiglobulin test, concerning for hemolytic anemia, although her total indirect and direct bilirubin were not markedly elevated and could be alternatively explained by her liver injury (0.9 and 1.4 mg/dl, respectively). Fibrinogen levels were also noted to be low, with elevated d-dimer (820 ng/ml) and mild coagulopathy (PT 16.8 s, aPTT 48.2 s), all consistent with liver injury. Viral studies revealed an Epstein-Barr virus (EBV) quantitative load of 175,266 international units per ml (IU/ml). She had no known history of EBV (Table 1) . A bone marrow biopsy was not attempted given her clinical condition.
Treatment
She was stared on methylprednisolone and intravenous immunoglobulins with little effect. She required multiple transfusions of blood, platelets and cryoprecipitate for disseminated intravascular coagulation. Rituximab was initiated, followed by daily anakinra. There was some notable response in hematologic parameters, and she required less transfusions ( Figure 2 ). Unfortunately, the patient's condition continued to deteriorate. She became oliguric and an echocardiogram revealed a Takotsubo-pattern cardiomyopathy. She went on to develop pancreatitis due to hypertriglyceridemia. Given the extensive multiorgan failure and her family's wishes not to initiate ventilator support or dialysis, the patient passed away shortly after de-escalating her care.
Discussion
Patients with secondary HLH have a diverse presentation, making the diagnosis difficult to obtain. The most frequently used diagnostic criterion (HLH-2004) was developed in the pediatric population to aid enrollment into clinical trials [7] . The HLH-2004 is now commonly used in the adult population and usually greater than or equal to five of the eight diagnostic criteria is supportive of the diagnosis in adults (Table 1 ). In a retrospective evaluation of the diagnostic performance of the HLH-2004 criteria across pediatric and adult populations, Debaugnies et al. demonstrated a sensitivity of 55% and specificity of 100% in adults, who had five or more of the diagnostic criteria at initial presentation [8] . Notably, the authors excluded the criteria of reduced NK cytotoxicity and elevated soluble IL-2 (sCD25) from their analysis. The role of evaluating NK-cell activity is best described in the pediatric population and is not usually done in adults [1] . Our patient had an sCD25 level of >10,000 u/ml, which in a cohort of patients with prevalence of HLH of 49% yields a positive predictive value of 85%, a sensitivity of 45% and specificity of 93% [9] . Although hemophagocytosis is a hallmark pathological feature of HLH, our patient did not undergo a bone marrow biopsy due to their critical illness. Hemophagocytosis is neither sensitive or specific [1] ; Gupta et al. have previously demonstrated in pediatric patients that the median time to diagnosis of HLH from the initial bone marrow aspirate is 0 day [10] , suggesting that diagnosis is often made prior to the outcome of the bone marrow biopsy. Given the high index of suspicion for HLH in our patient, a bone marrow aspirate with no evidence of hemophagocytosis would not have altered our initial treatment approach. Notably, our patient was receiving standard therapy for her GBM with temozolomide, an oral alkylating agent, which is commonly associated with lymphopenias and an increased risk of opportunistic infections [11] . Due to the concerns for disease progression, the patient had also received significant doses of corticosteroids and bevacizumab, a monoclonal antibody which reduced angiogenesis through inhibition of VEGF, both commonly used in the management of GBM, but also associated with immunosuppression and infective complications [12] . Her HIV testing was negative, however, she had severe lymphopenia with a CD4 count of 24 × 10 6 and had microbiologic evidence of EBV infection in addition to recently being treated for PJP. We suspect that the likely trigger for HLH in our patient was reactivation of EBV in the setting of immunosuppression in conjunction with temozolomide therapy in the setting of her GBM.
EBV is most commonly associated infective trigger that can result in the diagnosis of HLH [2] , and is associated with poor outcomes [13] . There is great geographic variability in the diagnosis of EBV-associated HLH, with the greatest experience being driven from Asia. Etoposide and dexamethasone form the mainstay of the initial treatment, including patients with EBV-associated HLH [14] , and this has been confirmed in the long-term analysis of the HLH-2004 study [15] . The administration of etoposide in our patient was difficult due to the severe hepatic dysfunction, thus we chose our initial therapy with corticosteroids and intravenous immunoglobulins [16] , with an intent to start etoposide within a 4-week window [17] . Rituximab, a monoclonal antibody against CD20, has been shown to be effective in reducing symptoms, inflammation and EBV viral load in patients with EBV-associated HLH [18] . Our patient continued to deteriorate, and the therapeutic decision was to start anti-IL-1 therapy, anakinra versus the anti-CD52 targeting monoclonal antibody, alemtuzumab. Both agents have been used in the refractory setting [19, 20] . The management of HLH in her case posed several diagnostic and therapeutic challenges. Despite making a diagnosis, the toxicity profile of the proposed interventions was considerable. Additionally, the patient has the competing risks of mortality from her underlying malignancy, severe infective complications and multiorgan failure. With increasing use of immunosuppressive and cytotoxic regimens for the management of advanced malignancies, it is likely that there will be increasing recognition of HLH in patients with solid organ malignancy and increased awareness and further research on best therapeutic approach to reduce the high mortality rate. Additionally, patients with high-grade gliomas treated with temozolomide should be monitored for signs of HLH.
Conclusion
HLH is a rare and highly morbid condition in adults. We present the first case of a patient who developed EBV-associated HLH following therapy for underlying GBM. In addition to a high index of suspicion for the diagnosis, especially in patients with solid organ malignancy, a carefully considered approach will be needed when extrapolating the therapeutic approaches, the evidence base is largely derived from the pediatric population.
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